Methods: Several concentrations of chlorhexidine were selected to load three acrylic reline resins: 1%, 2.5%, 5%, and 7.5% in Kooliner, 1%, 2.5%, 5%, 7.5% and 10% in Ufi Gel Hard and 1%, 2.5% and 5% in Probase Cold. In the control group the reline resin was not loaded with chlorhexidine. Eight specimens per group (n=8) were fabricated (64x10x3.3 mm) and submitted to thermal aging (1000 cycles, 5ºC-55ºC). Knoop microhardness (30 s, 98 mN) and 3-point flexural strength (5 mm/min) tests were performed in each specimen. Results were submitted to nonparametric tests Kruskall-Wallis e Mann-Whitney (α=0.05).
Introduction
Residual ridge resorption is a chronic and progressive phenomenon of bone remodeling that decreases denture stability and retention, reducing the comfort of patients wearing a removable prosthesis. 1 A poor fit denture can cause mucosal trauma which, associated with other factors such as poor oral hygiene, 2 dietary factors, 3, 4 xerostomia, 5 absence of overnight removal, 6, 7 chronic diseases or a compromised immune system, 7 can lead to denture--induced stomatitis.
A reline procedure is commonly used to enhance the fit of the pre -existing denture to hard and soft tissues, and auto--polymerizing acrylic reline resins are usually the chosen material to perform this relatively simple, useful and inexpensive treatment. 8, 9 Either direct resins, that are cured at the chairside in the dental clinic, or indirect resins, which are cured at the laboratory, can be used.
Acrylic resins are porous materials susceptible to oral biodegradation and mechanical surface deterioration. 10, 11 The roughness and irregularity of the resulting surface may act as reservoirs of microorganisms, which in turn may contribute to oral diseases. 12 -15 The main pathogen related to denture stomatitis is Candida albicans due to its ability to adhere and proliferate through tissues of the oral cavity and acrylic resins producing a complex and heterogeneous bacterial biofilm. 15, 16 Candida -associated denture stomatitis is the most common form of oral candidiasis, affecting mostly the palatal mucosa. 17 Its clinical appearance can be a discrete area of pinpoint inflammation related to the ducts of the palatal mucous glands or an intense erythematous area of the mucosa covered by the denture. 16, 18 Even though this oral disease is usually asymptomatic, it should be treated as it can progress to more severe infections. 19 The treatment of Candida -associated denture stomatitis is usually based on cleansing, 20 relining or even replacement of the denture, together with the prescription of antifungal drugs. 9, 21 The topical application of an antifungal agent can be highly inefficient due to the rapid drug clearance from the site of infection. Moreover, it is challenging to obtain rigid patient compliance and, when drugs are given systemically, only a small concentration of the drug tends to reach the target location, associated to an increased risk of undesired side effects. 22 -24 Besides that, even when additional hygiene solutions are used for denture cleansing, Candida strains tend to subsist. 20, 25, 26 The feasibility of introducing antimicrobial and antifungal agents in resins, acting as drug carriers for the treatment of denture -induced stomatitis, has been investigated by several researchers. [24] [25] [26] [27] [28] These drug delivery systems have some ad-vantages, such as preservation of therapeutic levels by continuous drug release at the infection site, minimal risk of systemic toxicity, decrease need of patient compliance and, when incorporated in reline materials, simultaneous treatment of ill -fitting dentures and Candida -related infection. 22,29 -31 Furthermore, with the use of these carriers, the effect of preventing the initial adhesion of microorganisms to the base of the denture and inhibition of biofilm formation is added, resulting in an important interference in the mechanism of infection. 24, 26, 29 Chlorhexidine (CHX) is a widely used antiseptic drug with remarkable antifungal, antibacterial and anti -biofilm abilities, and a high substantivity. 23, 26, 32 CHX suppress the adherence of Candida albicans to cells or acrylic surfaces and, for this reason, can inhibit Candida -related infections. 27, [33] [34] [35] [36] [37] CHX has shown to have a good performance both on releasing and microbiological tests. 22, 35, [38] [39] [40] [41] [42] When loaded into acrylic resins, CHX has shown higher effectiveness in microbiological tests compared to other agents such as fluconazole and nystatin. 23, 24, 36, 42 Also, releasing rates with CHX loaded acrylic resins showed a pattern of high CHX release at the first two to seven days, that decrease and became steadier for twenty -eight days. 36, 38, 43 The concentration of 10% of CHX is usually accepted as the most effective against Candida albicans. [39] [40] [41] However, the minimal concentration of CHX (w/w) to load into reline acrylic resins with proper antifungal activity against Candida albicans seems to be 2.5% for Kooliner, and 5% for Ufi Gel Hard and Probase Cold. 34 Previous studies 44, 45 showed promising results since loading acrylic reline resins with antifungal CHX concentrations did not influence mechanical properties. However, in that studies, the mechanical tests were performed a short period after polymerization, remaining some concerns about the long -term effect of CHX loading on mechanical and surface properties, that can occur when the acrylic resin is in function and submitted to the intraoral environment. 10, [46] [47] [48] [49] The objective of this study was to evaluate the effect of CHX loading in microhardness and flexural strength of acrylic reline resins, after thermal aging, according to the following hypotheses: loading 1) Kooliner, 2) Ufi Gel Hard, or 3) Probase Cold with different concentrations of CHX does not affect the microhardness and the flexural strength values of the reline acrylic resin.
Materials and methods
Three auto -polymerizing acrylic resins presented in the powder -liquid form were used (Table 1) . Two of them are direct reline resins, Kooliner and Ufi Gel Hard, mainly composed by pre -polymerized poly(ethyl methacrylate) particles. The third material is an indirect reline resin, Probase Cold, mainly formed by pre -polymerized poly(methyl methacrylate) particles. 50 The acrylic resins were manipulated according to the respective manufacturer's instructions (Table 1 ). The liquid was measured using a pipette, and the powder was weighed using a precision scale (Mettler Toledo). All specimens were loaded with chlorhexidine diacetate monohydrate (Panreac Applichem, Darmstadt, Germany) using a mortar and pestle for homogenization, according to the proportions previously established: Kooliner: 0%, 1%, 2.5%, 5% and 7.5% of the acrylic resins' powder weight (w/w); Ufi Gel Hard: 0%, 1%, 2.5%, 5%, 7.5% and 10% of the acrylic resins' powder weight (w/w); Probase Cold: 0%, 1%, 2.5 % and 5% of the acrylic resins' powder weight (w/w).
Rectangular shaped stainless -steel molds were used to prepare specimens of final dimensions correspondent to 64x10x3.3 mm. 51 The stainless -steel mold was placed on a glass plate covered by a polyester sheet, and the material' dough was prepared and placed into the mold. After that, another polyester sheet and glass were positioned on top of the mold, and the specimen was kept under compression, at 37±2 ºC, until the end of the set time established by the manufacturer (Table 1) . On the other hand, polymerization of the indirect reline resin was carried out in a pressure device (Ivomat, Ivoclar Vivadent, Liechtenstein) at the recommended time, temperature and pressure (Table 1) .
After polymerization, the samples were removed from the molds, and the edges of each sample were polished with a 600 -grit silicon carbide paper (Carbimet Paper Discs, Buehler Ltd., IL, USA), on a polisher with constant refrigeration.
Eight specimens of each group (n=8) were prepared, in a total of one hundred eighteen specimens. Control group, with no CHX loaded, was represented as the 0% CHX group. 52 All specimens were submitted to a thermal aging process, being exposed to 1000 cycles of thermal fluctuations between After checking the width and thickness of each specimen with a digital micrometer of 0.01 mm precision (Mitutoyo Digimatic, MFG. Co. Ltd, Tokyo, Japan), flexural strength was tested with a universal testing machine (Instron Model 4502, England), using a three -point bending device with a distance between supports of 50 mm and 1 kN load cell at a crosshead speed of 5 mm/min. 51 Since normality was not verified (Shapiro -Wilk normality tests, p<0.05), data were submitted to Kruskal -Wallis nonparametric tests, followed by multiple comparisons using Mann--Whitney tests with Bonferroni corrections (α=0.05).
Results
The microhardness of Kooliner was not significantly (p>0.05) affected by the studied percentages of CHX (Figure 1) . However, loading Ufi Gel Hard with CHX showed a statistical (p=0.002) influence on the KHN of this direct reline resin. The 2.5% CHX group showed higher KHN values than the control (p=0.042) and 7.5% CHX (p=0.002) groups (Figure 2) . No statistically significant (p>0.05) differences were found between the groups of specimens fabricated with Probase Cold (Figure 3) .
Regarding flexural strength, neither Kooliner nor Ufi Gel Hard was significantly (p>0.05) affected by CHX loading (Figures 4 and 5) . However, loading Probase Cold with 5% of CHX resulted in a statistically (p=0.033) lower flexural strength than the control group. No other significant (p>0.05) differences were found between the flexural strength observed in the Probase Cold groups (Figure 6 ). 
Discussion
In the present study, Koop microhardness and three -point flexural tests were performed to evaluate the long -term effect of CHX loading on mechanical and surface properties of different acrylic reline resins.
In spite of incorporation of resin materials, with compounds like fluconazole, silver -zinc zeolite, fluoroalkyl methacrylate, methacryloyloxyundecylpyridinium bromide or TiO 2 and SiO 2 nanoparticles, have been studied, 15, 48, 53 CHX has shown a more efficient candidacidal effect when loaded in acrylic resins. [22] [23] [24] 27, 33, 37, 42 The selection of the tested CHX concentrations was based on the results of previous mechanical studies. 44, 45 Unlike Ufi Gel Hard, loading the Kooliner and the Probase Cold with 10% CHX negatively influences microhardness and flexural strength of these reline resins. 44 Likewise, a negative impact on the flexural strength of Probase Cold when loaded with 7.5% CHX was shown. 45 The three reline resins were chosen due to their differences in chemical composition and structural arrangement. 9 The Kooliner is composed by the isobutyl methacrylate monomer and forms a simple non -crosslinking net when polymerization is complete. Whereas, the Ufi Gel Hard has the monomer 1,6 -hexanodioldimethacrylate and forms a more complex crosslinking net, with large molecules. The Probase Cold is a methyl methacrylate based resin, that is polymerized in laboratory developing a net with a reduced percentage of uncured monomer. 50, 54 Since these resins have different physical structure and chemical composition, CHX molecules when incorporated in the net can create different links to the polymeric chains and change their properties in distinct magnitudes. Also, CHX incorporation can increase the distance between polymer molecules, resulting in an expected weaker polymer net.
The Knoop microhardness test is commonly used in polymeric materials such as acrylic resins because, due to the geometry of the indenter, it minimizes the elastic recovery of these materials. 9, 55 Flexural strength was selected since it is one of the most significant features when assessing dental polymers and it gives good information about the clinical performance of the denture when subjected to mastication forces. 9, 15, 56, 57 The physical and mechanical properties of the CHX loaded--acrylic reline resins under study were already investigated. 44, 45, 58 Nevertheless, these studies focused on measuring the properties of the resins without any influence of the environment. So, another feature of the present study was to submit the specimens to a thermal aging procedure, to simulate temperature fluctuations that occur in the oral cavity with mouth breathing and whenever food and beverages with different temperatures are consumed. 59 The specimens were submitted to 1000 cycles of thermal fluctuations between 5 ºC and 55 ºC, corresponding to 6 weeks in function. 60 Most of the CHX loaded in acrylic resins is released into the oral environment in the first twenty -eight days. 22, 42, 43, 61 However, although after this period the therapeutic dose of CHX gradually becomes less efficient, the reline materials tested are considered to be semi--permanent and therefore it is important to know whether the loaded acrylic resins maintain their mechanical properties even after the release of CHX.
In the present study, loading the reline acrylic resin with CHX had a dissimilar effect on the microhardness and flexural strength among the three reline materials tested.
Since no statistically significant differences were found between Kooliner groups with different CHX loading, in both microhardness and flexural strength, the first hypothesis in study could not be rejected. However, loading the reline resin with CHX did affect the microhardness of Ufi Gel Hard and the flexural strength of Probase Cold. As so, the second and third hypothesis could be rejected.
However, although the microhardness of the Ufi Gel Hard was affected by 2.5% CHX loading, no degradation of this property was observed. In fact, loading Ufi Gel Hard with 2.5% CHX increased KNH that may be due to the chemical conformation of poly(ethyl methacrylate) whose chemical union may be pro- moted by some concentration of CHX. Similar to this result was obtained in a previous study, 45 with 5% CHX group yielding higher microhardness value than the control group (0% CHX).
Concerning to flexural strength, no differences were found between the different concentration of CHX loading of the specimens made with Ufi Gel Hard or Kooliner. The fact that both direct reline resins, Ufi Gel Hard and Kooliner, were not affected by the CHX loading might be explained by their similar chemical composition, being both based on pre--polymerized poly(ethyl methacrylate) particles. 50 In a previous study 45 were found similar results, since specimens of Kooliner and Ufi Gel Hard incorporated with CHX in the concentration of 1%, 2.5%, 5% and 7.5% did not evidence a negative impact on flexural strength. Nevertheless, Ufi Gel Hard with 10% CHX load should not be used for reline procedures intended to last for more than 1 month. 44 Probase Cold was the only resin that revealed a decrease of the flexural strength of some CHX loaded specimens since 5% CHX group had lower flexural strength than the control. This indirect acrylic resin has a different chemical composition than the other resins studied since it is composed by pre--polymerized poly(methyl methacrylate) particles with a distinctive structural arrangement. Moreover, unlike Kooliner and Ufi Gel Hard, Probase Cold curing cycle is accomplished under high temperature and pressure. These reasons might explain the negative influence of CHX on Probase Cold specimens. The result obtained in the Probase Cold 5% CHX group is in accordance with many other studies, 15, 44, 45, 48, 49, 56, 62 that revealed a reduction on resin flexural strength after being loaded with antimicrobial agents, although only one 44 had implemented a thermal aging procedure. An inverse proportional ratio between the concentration of the antimicrobial introduced and the flexural strength values, meaning that higher amounts of drug loaded in the acrylic resins are translated in lower flexural strength values of the materials, has also been described. 48, 49, 56, 62 The physical presence of the CHX particles into the resin matrix may disturb the physical form of the polymer. 62 The decrease of flexural strength of the denture base acrylic resin may be explained by the possible increase of the intermolecular distance between the polymer chains after the incorporation of some antimicrobial monomer. 49 Also, the reduced flexural strength of the denture base acrylic resin loaded with 2 -tert -butylaminoethyl methacrylate antimicrobial monomer have been associated to the presence of a higher amount of residual monomer and a lower conversion degree of the acrylic resin. 56 Therefore, the reduction of the flexural strength of Probase Cold 5% CHX group could be substantiated by the increase of intermolecular distance of polymer chains and the increase of residual monomer. Diminished flexural strength can result in a greater incidence of fracture when the acrylic is submitted to occlusal stress. 48 Even so, in this particular situation, the 5% CHX Probase Cold group still reached a flexural strength value that is clinically accepted by the ISO 1567 standard (65 MPa). 51, 56 Recent preliminary results from a microbiological study (34) established that the most effective concentration of CHX (w/w) against Candida albicans would be 2.5% for Kooliner and 5% for both Ufi Gel Hard and Probase Cold. So, it can be concluded that the proportion of 2.5% CHX for Kooliner and 5% CHX for Ufi Gel Hard may be valid because, besides being effective against Candida albicans, it did not negatively affect the mechanical properties of these direct reline acrylic resins. On the other hand, loading Probase Cold with a concentration of 5% CHX may not be advisable.
However, it is important to investigate other mechanical and physical properties of reline acrylic resins loaded with CHX, after not only thermal but also chemical aging. Although having conducted thermal aging of the specimens, more experimental studies are needed to conclude about biodegradation of acrylic reline resins exposed to the oral cavity. The biodegradation of a biomaterial can produce leachable products, which in turn may induce a series of biological responses on cells and tissues. This process may occur not only due to thermal changes but also due to exposure to saliva, chewing, breathing, chemical and dietary changes. 10 A major clinically significant consequence of acrylic based resins biodegradation is the release of potentially toxic unbound/uncured monomers or/and additives from the polymer network. The released compounds may have a toxic effect on the oral cavity. Concerning materials stability, biodegradation may induce significant changes in materials physical and mechanical properties that may ultimately lead to the failure of the material.
Conclusions
The concentrations of 1%, 2.5%, 5% and 7.5% CHX for Kooliner, 1%, 2.5%, 5%, 7.5% and 10% CHX for Ufi Gel Hard and 1% and 2.5% CHX for Probase Cold do not negatively affect the mechanical properties of the acrylic resins after a thermal aging equivalent to one month of oral environment.
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